. Using the slope-intercept method, it is assumed that after intravenous injection, the indicator is rapidly distributed in a single compartment and that after a given period of time (60-80 min) the indicator is in equilibrium between the plasma and extravascular extracellular fluid. The renal clearance is then derived from the final slope (k,) of the plasma disappearance curve and the zero-time intercept concentration (A) of the indicator (2, 6, 7): quire bladder catheterization and accurate collection of Both the slope-intercept and the two-compartment urine samples, as well as continuous intravenous infusingle-injection methods have been used with success sions; the repeated bladder catheterizations that are by different investigators (1, 7). However, in animals necessary for sequential GFR measurements in longterm exx>eriments often cause bladder infections and pyelonephritis.
Furthermore, during oliguria, methwith expanded extracellular fluid volume or ascites, distribution of the indicator in the extracellular fluid is slow and the plasma disappearance curve often does ods for measuring are unreliable.
GFR that require urine collection
To obviate some of these problems associated with not fit a simple t wo-component exponential function. In these animals both the slope-intercept and the twocompartment single-injection methods tend to overesstandard clearance methods,-investigators have develtimate the GFR as determined by inulin clearance (2). opedvarious single-injectiontechniquesfor estimating
The present study was therefore undertaken to 2, 6, 8 any organ other than the kidney; 2) it must be freely filtered through the glomerular capillary membranes (i.e., not bound to plasma proteins or sieved in the process of ultrafiltration);
3) it must not be reabsorbed or secreted by the renal tubules; 4) it must be nontoxic; and it must not alter renal function.
Several studies indicate that [1251] iothalamate satisfies all of these cri-20 60 100 140 180 220 teria (1, 4, 5, 9 clearance. Therefore:
where Q is the total radioactivity of the body at any
In this experiment, last plasma sample was taken at t1 = 140 min.
instant (cpm), and C( t ) is the radioactivity per unit of plasma (cpmlml) at any given time (t ). Integration of The solution of this equation is: injected (Q) and from the total area under the plasma radioactivity-time Since curve from to to t,. The total area can be divided into GFR = Q/(A, + A,)
two parts (Fig. 1) . One part (A,) corresponds to the total area from to to the time of the last plasma sample ( tl). This area can be determined easily by graphical techniques (e.g., planimeter or counting of squares) or by numerical integration with a computer. Assuming that plasma sampling has been continued long enough for complete distribution of the iothalamate in the extracellular fluid, the decline in plasma radioactivity will be monoexponential and due only to renal excretion. Therefore, when t 2 tl, the plasma concentrationtime curve can be approximated as:
This method, and the two-compartment and slopeintercept single-injection methods, were evaluated in 11 normal dogs which were anesthetized with sodium pentobarbital(30 mg/kg, iv) and in one conscious dog which had a greatly expanded extracellular fluid volume due to a chronic thoracic inferior vena caval constriction.
In were carried out on a Searle automatic gamma-well counter (series 1185). Five or six 20-to 30,min inulin clearances were also obtained after injection of the iothalamate, and plasma and urine inulin concentrations were determined by the anthrone method (3). Glomerular filtration rates obtained by the three different single-injection methods were compared with the average of the five or six inulin clearances obtained in each animal.
Standard least-squares regression analysis was used to compare the single injection GFRs with inulin clearances. In calculating the regression lines, it was assumed that the standard inulin clearance method was not subject to errors of measurement.
RESULTS
A plasma radioactivity-time curve obtained in a normally hvdrated dog is illustrated in Fig. 2 tion of the iothalamate in the extracellular fluid was virtually complete within 60 min after injection, and thereafter the plasma radioactivity curve was monoexponential.
In this experiment the plasma disappearance curve was fairly well represented by a two-component exponential function. However, in several normal dogs, and especially in dogs with an increased extracellular fluid volume due to chronic thoracic inferior vena cava constriction, or because of intraperitoneal injections of isosmotic mannitol, the plasma disappearance curve did not fit a simple two-component exponential function (Fig. 3) ; in these dogs glomerular filtration rate was consistently overestimated by the slope-intercept method, and by the two-compartment method. Glomerular filtration rates obtained by analyzing the total area under the plasma radioactivity-time curve were similar to those obtained by inulin clearance even in the volume expanded animals.
A comparison of the GFRs obtained by the slopeintercept method with those obtained by inulin clearances is shown in Fig. 4 . The slope-intercept method consistently overestimated the inulin clearance by more than 30% even in the normal dogs. For all 14 experiments, the average inulin clearance was 72.7 t 6.0 SE ml/min, while the mean GFR obtained using the slope-intercept method was 101.5 t 8.1 ml/min. There was fairly good correlation in normal dogs between the GFRs obtained by the two-compartment analysis and by inulin clearance, although the twocompartment method tended to overestimate inulin clearance slightly (Fig. 5) . However, in the three dogs with expanded extracell ular fluid vol .ume th .e two-compartment method overestimated the inulin clearance considerably. In the three volume expanded dogs, inulin clearance averaged 67.2 t 8.5 SE ml/min, while GFR obtained by the two-compartment method averaged 90.7 t 11.0 SE ml/min.
There was excellent agreement between inulin clearances and GFRs obtained by the single-injection method based upon an analysis of the total area under the plasma radioactivity-time curve in normal dogs as well as in dogs with expanded extracellular fluid volume (Fig. 6) . For all 14 experiments, the mean inulin clearance was 72.7 t 6.0 SE ml/min, and the mean GFR obtained using this single-injection method was 75.1 t 6.0 SE ml/min.
DISCUSSION
A method for estimating GFR that is based on an analysis of the total area under the plasma radioacti .Vity-time curve after a single intravenous injection of [1251]iothalamate has been described. This method appears to offer a reliable and convenient means of estimating GFR that is superior (especially in animals with an expanded extracellular fluid volume) to the slope-intercept method or methods that utilize a twocompartment analysis of the distribution of the indicator in the extracellular fluid.
F75
With the slope-intercept method, it is necessary to assume that the indicator is distributed in a single compartment and that mixing is instantaneous. As Chantler et al. (2) have pointed out, this method overestimates the renal clearance by approximately 25%. In the present study, glomerular filtration rate was overestimated by more than 30% when the slope-intercept method was used.
With the two-compartment single-injection method, 
